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PRET,TMINARY RESULTS OF AN ATFITUDE-WIND-TONNEL HESTIGATION
ITi - PRESSURE md TRMPIEATIRE DISTRIBIHIONS

By Robert M. Geisenheyner #nd Jossph J. Herdysz

Ani investigation to detérminé the performante &nd the opera-
tionsl chefdcteristics of an &¥iai-fldwgas burbine-propelier engine
has besn &omdiicted in the Cleveland alttudde wind tunnel. As part
of this inv8stigation, prespiifé &l température data were obtai ned
st altitudes from 5000 t 0 35,000 feet, compressor-iniet rem-pressure
ratios From 1.00 bo 1.i7, anci érigine speeds from 8000 to 13,000 rpm.
AverBgé presgiures sad *Eemperaﬁures méasured at each station in the
erigine &ré preBented in tabular form for all operating conditi ons.
The ef fects of engi ne spesd, shaft horsepower, &nd compressor-inlet
rém~pregslirs ratlo on pressui'é &nd 'Bempera:bure distribution at each

medduring station are présénted griphicaliy.

ChS.dQeﬁ 1t éngine speed had 'rio é.ppi'écié.'ﬁie ef fect on the cir-
&t dhy of the medsuring stations #ith t he exception of the compres=
sor irlet; caipressocr outl et ; &nd tail-pipe-nozzle outlet. As the
engingé Bp883 WHE increassd, the rédial distributlon of total pres-
Bilre Bt the compredBof inlet becHMS 1sss uniform, whereés the dis-
tribiibion &t the taii-pipe-nczzls outlet becédme mors ne#rly sym-
nstrical with rFespséct EO the &efiter of the tail pipé. Large veria-
tions in t he clrcumferentisl distribution of dynsmic pressure at
ths Soip¥elsct outist occiirrsd at 1l engine speeds.

Veriations in shaft horsspowsi did fot greatly affect the
circumf‘eren{:ial or radial distribution of pressures and tempera-
turss &t Bfiy fisG#uring station excépt the taii-pipe-nozzle outl et,
vhers the total-pressure distrivution became more uniform as t he
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9 NACA RM No. ESF10b

engi ne power wes increased. Changes in rempressure ratio from

1.00 to 1.09 did not affect the distribution of pressure6 amd tem
peratures. Flow separation in the upper region of the right w ng-
duct Inlet occurred for scme operating conditions and wae attributed
to high inlet-velocity ratio and rotation of the propeller slip-
stream, Losees in total pressure between the compressor outl et

and the turbine inlet were approximately 0.9 of the dynam c pres-

sure at the compressor outlet.

INTRODUCTION

An investigation to determne the performance and the opera-
tional characteristics of the axial-flow gas turbine-propeller engine
has been conducted in the Ceveland altitude wind tunnel. As paxrt of
this I nvestigation, pressure and tenperature data were obtained at
altitudes from5000 to 35,000 feet, compressor-inlet ram-pressure
ratios from 1.00 to 1.17, and engine speeds fram 8000 to 13, 000 rpm.
Perfor mance characteristics Of this engine are presented in refer-
ence 1 and windmilling characteristics i n reference 2.

Typi cal surveys of total pressures, static pressures, and
indicated tenperatures at the measuring stations throughout the
engine are presented herein. The effects of engine speed, &aft
hor sepower, and compressor-inlet rampressure rati o on these pres-
sure and tenperature distributions are briefly discussed. Average
pressures and t enperatures neasured at each station in the engine
ere presented in tabular formfor all the operating conditions
presented in reference 1.

INSTALLATION AND PROCEDURE

The main conponent8 of the T31 gas turbine-propeller engine
are a U-stage axial -fl ow compressor, nine cylindrical counter-
flow combustion chembers, a single-stage turbine, an exhaust
cone, and a two-stage planetary reduction gear (fig. 1). The
over-all length of the axial-flow gas turbine-propeller engine
ie 116 Inches and the maxi num di anmeter is about 37 Inches, The
dry weight of the engine, including piping and all accessories,
1s 1980 pounds. The engi ne was installed in a streaniined w ng
nacel l e that wae nounted in the 20-foot-diemeter test section of
the Ceveland altitude wind tunnel. A four-blade Ham |ton-Standard
superhydromatic propeller with a diameter of 12 feet, 7 inches was

instelled on the engine (fig. 2).

arn



RACA RM No. ESF10b 3

Air entered the instellation through two wng ducts with | eadi ng-
edge inlets behind the propeller. The vertical center lines of the
inlets were | ocated al ong the wing span at about 60 percent of the
blade radius (fig. 3). From the ducts, the air flowed through an
annuler i Nl et into t he compressor. Air discharged from t he compres-
sor was t urned 180° before entering t he combustion chembers. Eot
gases | eavi ng t he cambustion chembers passed t hrough t he turbine
nozzl es and the single-stage turbine into an annulear exhaust cone.
The exhaust gases were dlacharged through a straight taill pipe
96 inches in | ength and 14 inches in di aneter.

The operating limts for static eea-|level conditions as
established by t he manufacturer are:

Tur bi ne speed:

Meximum overspeed, rpm . . . . . . . . . . . . . . . . .. 13,300
Normel rated, rpm . . . . . . . . . . . . . ... ... 13,000
ldling, rpm e e e e e . . . . . . . . ... 10,000

Exhaust-gas tenperat ur e8 (at exhauat-cone outlet):

Military rating, 5 minutes P /401

Normal continuous r ati ng, 6!‘ o e e e e e e . 1170

Starting and e.ocelera:bion, SF . . . . .. . .. .. ... <1800
Bearing temperatures, °F . . . . . . . . . . . . . . . ... . 250
Vi bration:

At turbine frequency, in. . . . . . .. .. .. .. ... 0.004

At propeller freguency,in. . . . . . . . . . . . .. .. 0.025

A description of the instrumentetion installed at eaoh measuring
station (rige. 1 and 3) is presented in reference 1. Pressures were
measured ON Nercury, alkazene, and Wat er moncmeters and \ere photo-
graphicallyrecorded. Tenperatures were recorded on two self-
balancing potenticmeters.

The investigati on wa8 conducted at altitudes fram 5000 t 0
35,000 feet and compressor-inlet ram pressure ratios from 1. 00
to 1.17. At eaoh altitude and compressor-inltet rem-pressure ratio,
engi ne speeds were varied from8o0o0 to 13,000 rpm. The engine
sheft horsepower measured at the torquemeter ranged from70 to
1050 horsepower. Anbi ent pressures and temperatures were main-
t ai ned at approximately NACA standard altitude conditions.
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RESULTS AND DISCUSSION

The average values of total pressure, static pressure, and
indicated temperature at eaoh measuring station are present ed in
table | for all operating comditions i nvestigated. The effects of
engi ne speed, shaft horsepower, and compressor-inlet ram-pressure
ratio on pressure and tenperature distributions at each nmeasuring
station are shown in figures 4 to 32. A1l instrunentation except
that at the wing-duct inlets was viewed in the direotion of air
flow.

Effect of engine speed. - A typicel over-all average pressure
profile through the engine Is presented in-figure 4 to show the
effect of engine speed on the average pressure at each neasuring
station. When the engi ne speed was increased from 10,000 to
13,000 rpm at approxi mately constant tail-pipe terrperature t he
average pressures at the turbine inlet (station 5) were increased
approxi mately 60 percent, whereas the average pressures at the
turbine outlet (station 6) were raised approximately 10 percent.
The effect of changing the engine speed from 10,000 to 13,000 rpm
on the pressure and temperature di Stribution at each neasuring
station 1s shown in figures 5 to 13 for an altitude of 5000 feet
and a ocntpressor-inlet rampressure ratio of 1.00. For these
engi ne speeds, the average temperature at the Junctiom Of the
exhaust come and the tail pi pe was approxi matel y 1500° R.

The W ng-duot inlet surveys presented in figure 5 show that
at engi ne speeds of 10,000 and 11,000 rpm very |ow total pressures
were Obtained in the upper region of the right w ng-dust inlet.
These | ow total pressure8 apparently resulted fromflow separation
on the inner surface of the upper lip. Although the inlet-velocity
ratios far these operating conditions were above unity, the total-
pressure distribution at the |eft duet inlet was uniform Flow
separation at the right duot inlet was probably caused by a com-
bination of the rotation of propeller slipstreamand the high
inlet-velooity ratios. At engine speeds of 12,000 and 13,000 rpm,
the total-pressure distribution was uniform for both inlets.

At the compressor inlet (fig. 6), the radial pressure pro-
files-were uniformat engine speeds of 10,000 end 11,000 rpm.
As the engine speed was increased to 13,000 rpm, the total pres-
sure at the m ddl e portion of the annul ar passage increased and
the static pressure decreased, which indicates that the velocity
in this region was higher than at the wall. A reasonably uniform
circumferential pressure distribution was obtained at all engine
speeds.

€
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A survey of the static pressure through the compressor for
several engine speeds is shown in figure 7. Compressor-outlet pres-
sure and tenperature distributions are shown in figure 8. O ose
agreement existed between the total-pressure neasurenents obtained
with tubes | ocated on the struts in the compressor-outiet passage
and the center tube of the rakes with the exception of rake 3. A
uni f or m eircumferential static-pressure distribution was obtained;
however, variations in the total-pressure distributionresulted in
a large dynam c-pressure gradi ent around t he compressor-outlet
anmmulus. For each engine speed, the dynemic pressure at rake 2
was approximately three times as great as at rake 1. The eirocum-
ferentiel distribution of totel and static pressures at the turbine
i nl et was uniform for each engine speed, as shown in figure 9.
Because t he compressor-outlet stetic pressures were uniform and t he
pressure loss through the combustion chembers was appr oxi mately
0.9 of the dynamic pressure at the oaupressor outlet, the resultant
distribution of total pressure at the turbine inlet was uniform.

Turbine-outlet total amd static pressures are shown in
figure 10 and turbine-outlet indicated tenperatures in figure 1l.
The circunferential distribution of total and static pressures
was nearly uniformfor the four engine speeds presented. A con-
siderable radial total-pressure variation was observed at rake 3
for engine speeds of 12,000 and 13,000 rpm. I n general, the static
pressures nmeasured by water statio-pressure tubes were |ower than
those measured by wall static-pressure tubes. Wth the exception
of combustion chanbers 1, 7, and 8, the turbine-outlet indicated
tenperatures were fairly uniform The large temperature vari ation
anmong t hese three combustion chambexrs probably resul ted fram uneven
fuel and air distribution. Flowbench tests showed that the fue
nozzle installed i n combustion chember 7 had t he hi ghest fuel flow
under 211 conditions investigated, which accounted in part for the
hi ghest tequrature cccurring i n that combustion chamber. As t he
engi ne speed was increased to 12,000 rpm, the tenperature differ-
ential at the turbine outlet was decreased; however, at 13,000 rpm
a slightly greater differential was observed than at 12,000 xrpem.
OmM ng to the effect of radiati on on the thermocouples, tenperatures
measured at the turbime outlet were used only to deternine burner
ignition and unbalance,

Circunferential distributions of totel pressure, statio pres-
sure, and indicated tenperature neasured at the exhaust-oone outl et
(fig. 12) were uniform for the range of engine speeds presented
For sane conditions, not shown graphicelly, however, temperature
variations as great as 140° were observed. Two thernoooupl es
| ocated at this station were connected in parallel to a gage on
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the engine control panel to imdicate limiting exhaust-gas tempera-
tures. The temperature measured by these thermocouples is not shown
in figure 12. Exhaust-gas tenperature 1imits were establi shed at
this station byt he menufacturer.

The di stribution of pressures and tenperatures in a vertiocal
pl ane across t he tail-pipe-nozzle exit is shown in figure 135, The
total-preseure profile at this stati on changed W t h engine speed.
It is notedthatthe aistribution of total pressure for the top
and bottom hal ves of the rake was not symmetrical. As t he engi ne
speed was increased, the total-pressure profile beceme more uni-
form with respect tothe cemter Of thetail pipe. In order to
obt ai n accurate messurements DOt h vertically and circumferentially,
1t would be necessary to make surveys in more than one plans.
Temperatures measured at the tail-pipe-nozzle-exit rakeagr eed
reasonabl y wel | wi t h the average t Ur bi ne- out | et temperature, but
f or some conditions t hese temperatures Wer e higher t han t hose
measured at the Jumction Of tﬁe exhaust cone and t he tail pipe.

Bffect of shaft horsepower. - A typiecal over-all pressure pro-
file through the engine showing the effect of shaft horsepower is
present ed infigure 14, Total-pressure, static-pressure, and
indicated-temperature distributions at each messur station are
shown in figures 15 t0 23 .shaft horsepowers of 425 ama 951 at
an engine speed. Of 13, 000 »pm. These data were obtained at an
afl t 1| tOl(J)de of 5000 f eet and @ compressor-inlet rem-pressure I ati 0
of 1.00.

The change i n shaft horsepower had no appreciable effect 0N
the pressure and temperature di Stributions at the wing-dust inlets
and t he compressor inlet. AU increase | n shaft hor sepower rai sed
t he compressor-pressure rati 0 as shown by the increase in static
pressure for each stage of the compressor stator i n figure 17.
Inasmuch as Choki ng occurred at the turbine nozzles,t he hi gher
fuel flow required to increase the shaft horsepower resulted | N
a higher turdine-inlet t enperat ure amd pressure and consequently
a higher compressor~-pressure I af | O.

~ The change of power had no appreol abl e eefect on the distri-
butions of pressure ama temperature at the compresscr out|et, che
turbine inlet, and the turbine outlet, as shown in figures 18 to 21.
The temperature | evel at the turbine outlet, however, was raised
aﬁprom mately 200° Rwith the increase i n shaft hor sepower (fig. 21).
The survey af the exhaust-cone OUt| et shows a Slight change in t he
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circumferential total -pressure distribution (fig. 22). An increase
in shaft horsepower resulted in a more uniformdistribution of total
pressure at the tail-pipe-nozzle outlet (fig. 23).

Effect of rampressure ratio. = The effect of rem-pressure ratio
on the total-pressure, stetic-pressure, and indicated-temperature
surveys is shown in figures 24 to 32 for oonpresaor-inlet rem-pressure
ratios of 1.00 end 1.09 and shaft horsepowers of 340 and 330. These
data were obtained at an altitude of 35,000 feet and an engi ne speed
of 13,000 rpm In general, the variation of compressor-inlet ream-
pressure ratio from1.00 to 1.09 d4id -not have any appreoiabl e effect
on the pressure and temperatwre di stributions.

Wng-duot-inlet surveys (fig. 24(a)) show that at a compressor-
inlet rampressure ratio of 1.00 there was evidence of flow separa-
tion in the upper region of the right duot. As was previously
discussed, this flow separation is attributed to the rotation of
t he propefl er slipstreamend the high inlet-veloclity rati o. Eigher
pressures ooourred at the compressor outl et and the turbine inlet
when the rampressure ratio was increased to 1.09. (See figs. 27
and 28, respectively.)

SUMMARY OF RESULTS

The following results were obtained fram an investigation of
an axi al -fl ow gas turbine-propeller engine in the C evel and altitud
wind tunnel over a range of altitudes frem 5000 to 35,000 feet,
englne speeds from 8000 t0 13,000 rpm, and ram-pressure rati oS
from approximately 1.00 to 1.17:

1. Cheanges in engins speed hed no appreci abl e effect on the
circunferential or radial distribution of pressures and tempera-
tures at any of the measuring stations with the exception of the
ocnpressor inlet, the compressor outlet, and the tail-pipe-nozzle
outlet. As the engine speed was increased, the radial distribu-
tion of total pressure at the carpressor inlet beceme | ess uniform;
whereas the distribution at the tail-pipe-nozzle outlet becems nore
nearly symmetricel with respectt0 the center of the tail pipe.
Large variations in the eircumferential distribution of dynemic
pressure at the compressor outlet occurred stall engine speeds.



NACA RM No. ESF10b

2. Variation of shaft horsepower did not greatly affect the
circumferential or radial distributions of pressures and tenpera-
tures at any neasuring station except the tail-pipe-nozzle outlet,
where the total -pressure distribution became nmore uniformwith an
increase i1n engine power.

3. The circumferential or radial distributions of pressure
and tenperature were unaffected by a change in rampressure ratio
from1.00 to 1.09

4. Flow separation, which ocourred in the upper region of the
right wing-duot inlet for same operating conditions, was attributed
to high inlet-velooity ratio and rotation of the propeller slip-
stream

5. The total-pressure |oss between the conpressor outlet and
the turbine inlet was approximately 0.9 of the dynam c pressure
at the conpressor outlet

Flight Propul sion Research Laboratory, .
National Advisory Ccmmittee for Aeronautics,
Cleveland, Onio
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Figure |. -~ Side view of axial-flow gas turbine-propeller englne showing location of measuring

stations.
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Figure 2. =.Front view of axial—-flow gas turbine-propellier engine
instalilation in altitude wind tunnel.






tation 1

External cooling-air
bleed-off tubes

Figure 3. = Sketch of axial-flow gas turbine—propel ler engine Installation showing location of wing
ducts and inlets.
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Total Static Engine Tall-pipe
pres— pres— speed btemperature
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Figure 4. - Typical over-all average pressure profile through axial-flow gas turbine-propeller
engine for engine speeds from 10,000 to 13,000 rpm. Ajtitude, 5000 feet; compressor-inlet
ram-pressure ratio, 1.00.
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Figure 5. - Effect of engine speed on distribution of total pressure, static pressure, and indicated

temperature at wing-duct Inlets.

Distanow from bottom of dust, in.
{a) Engine spaed, 10,000 rpm; tall-plipe temperature, 15279 R.

Altitude, 5000 feet; compressor-inlet ram-pressure

ratio,

1.00.
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(b) Engine speed, 11,000 rpm; tail-pipe tesperature, 1488° R.
Figure 5. - Continued. Effect of engine speed on distribution of total pressure, static pressure,

and indicated temperature at wing-duct inlets.
ratio, 1.00.
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Figure 5. = Continued.
and Indicated temperature at wing-duct inlets.

ratio, 1.00.
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(o) Engine npeed, 12,000 rpm; tall-pipe tomperature, 14952 R.

Distanee from bottom of dueot,in.

Effect of engine speed on distribution of total pressure, static pressure,

Altitude, 5000 feet; Compressor-Inlet ram-pressure
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Figure 5. - Concluded. Effect of engine speed on distribution of total pressure, statlc pressure,
and Indicated temperature at wing-duct Inlets. Altitude, 5,000 feet; compressor-inlet ram-pressure
ratio, 1.00.
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